Monoclonal antibody to a unique surface epitope of the human filaria Brugia malayi identifies infective larvae in mosquito vectors ( 
antigenicity of the larval surface to antibody NEB-DjE5. These results suggest that the species-specific epitope is a peptide domain attached to a hydrophobic anchoring residue.
Filarial nematodes have a biphasic life cycle comprising a period of larval development in a blood-sucking arthropod vector and one of maturation and sexual reproduction within a vertebrate host. Of the filariae that infect man, the most prevalent are those that parasitize the lymphatics, and among them are Wuchereria bancrofti and Brugia malayi (1) . Infection with either species causes both acute and chronic clinical manifestations-namely, fevers, lymphadenitis, and adenolymphangitis during the acute phase, followed by elephantiasis in later stages of both Brugian and Bancroftian filariasis, often compounded with hydrocele and chyluria in infections with W. bancrofti (2) . This parasite can be found throughout the equatorial belt of the world, whereas B. malayi is confined to regions of South and Southeast Asia (1) .
A number of mosquito genera transmit lymphatic filariasis, including Mansonia, Culex, Aedes, and Anopheles. These are also vectors of animal filariae, which are often sympatric with the filariae of man (1, 3) . It is this fact that makes the entomological assessment of disease control measures so difficult, for its accuracy depends on the precise evaluation of the larval species that infect the prevailing mosquitoes. Skilled personnel is required to discriminate morphologically the various filariae. In some cases, however, such as the infective larvae of B. malayi and the animal filariae Brugia pahangi, their morphological distinction is virtually impossible (4, 5) . Here we describe an IgM monoclonal antibody (NEB-D1E5) with which this distinction can be easily achieved. It is directed against a surface epitope expressed by the infective larvae of all geographic isolates and strains ofB. malayi examined. We also report the development of a highly sensitive diagnostic test utilizing antibody NEB-D1E5. The procedure is suitable for stage-and species-specific detection of infective larvae in mosquitoes under conditions prevailing in field stations of endemic areas.
MATERIALS AND METHODS Monoclonal Antibody. Monoclonal antibody NEB-D1E5
was obtained by a method described elsewhere (6) tTo whom reprint requests should be addressed.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 Antigen Solubilization and Chemical Sensitivity Studies. Epitope loss from the epicuticle was monitored by immunofluorescence after the following treatments: (i) incubation of intact B. malayi third-stage larvae in 0.1 M sodium metaperiodate (Sigma)/50 mM sodium acetate, pH 4.5, for 1 hr at room temperature in the dark, followed by 1% glycine for 30 min to block aldehyde groups; (ii) 1% 2-mercaptoethanol (Kodak) for 1 hr at 37°C; (iii) 2% 3-[(3-cholamidopropyl)dimethylammonio]-1-propane-sulphonate (CHAPS; Sigma)/2% Triton X-100 (Pierce)/2% octyl f3-D-glucopyranoside (Calbiochem) for 15 min at 80°C; or boiling for 10 min in PBS.
RESULTS
Surface Reactivity of Monoclonal Antibody NEB-DEs. The surface reactivity of monoclonal antibody NEB-D1E5 was determined by using an indirect immunofluorescent antibody test and living B. malayi infective larvae within or dissected from crushed mosquitoes (Ae. aegypti). An intense uniform staining of the parasites was observed (Fig. 1 ), while exposed internal tissues of any damaged larvae did not fluoresce, implying that the epitope is surface-restricted. Parasites incubated in normal mouse serum, PBS, or ascitic fluid containing monoclonal antibody NEB-C6C6 did not display surface fluorescence. Freeze-killed or fixed (3% formol saline) B. malayi infective larvae were still able to bind antibody NEB-DE5, which retained activity after freezing or storage in a lyophilized state for at least 9 months.
Specificity of Monoclonal Antibody NEB-DEs. To evaluate the specificity of the monoclonal antibody and its potential as a diagnostic reagent, a rather extensive range of infective larvae of various filarial species was screened by indirect immunofluorescence (Table 1) . Notably included were lymphatic filariae of genera other than Brugia-namely, W. bancrofti and W. kalimantani; larvae ofthe genus Brugia, but different species such as B. pahangi, B. patei, and B. timori; and also different geographic isolates of B. malayi. In addition, infective larvae of two other human filariae, M. ozzardi and L. loa; the monkey parasite D. corynodes; two rodent filariae, L. carinii and A. viteae; and the dog parasite D. immitis were also analyzed. With the exception of B. timori, the target epitope was species-specific, since no binding of antibody to other species was observed ( Fig. 1 and Table 1 ). Furthermore, the antibody reacted equally well with isolates of B. malayi from regions throughout South and Southeast Asia. These included a subperiodic strain from Malaysia; subperiodic, aperiodic, and periodic strains of the zoophilic type from Indonesia; and a periodic strain from Kerala, India (Table 1) . Identification ofB. malayi Larvae in Mosquito Vectors Using an Enzyme-Linked Assay. Considering the conditions in which a specific diagnostic tool of this nature would be used, we applied a more practical enzyme-based detection system as described. Previously extracted larvae or individually crushed mosquitoes were used (Fig. 2) . B. malayi infective larvae stained blue/black in the presence of bound antibody. No worms were colored in appropriate control wells containing B. malayi larvae incubated in normal mouse serum, PBS, or ascitic fluid containing monoclonal antibody NEB-C6C6, or in wells with B. pahangi larvae incubated with antibody NEB-D1E5. The performance of the test in a field trial simulation was also determined. A double-blind trial was carried out using 96 freeze-killed mosquitoes harboring B. malayi or B. pahangi infective larvae. The test scored 94% specificity and 90%o sensitivity based on the actual number of infected mosquitoes determined by dissection. A worm burden of 2.5 larvae per mosquito was observed, whereas a figure of 3.7 was obtained by dissection. In a repeat trial with mosquitoes carrying an average of 2.2 larvae per mosquito (a burden perhaps more akin to that found in natural transmission), the levels of specificity and sensitivity were still 91% and 97%, respectively, and the worm burden detected by the assay was 1.8. Higher levels of sensitivity and specificity were obtained when larvae cleared of mosquito tissues were used. On two separate occasions using five worms per well in a total of 220 wells, sensitivity was 97.5% and 100%o.
Specificity was 100% when 110 B. pahangi larvae dissected from mosquitoes were distributed among 20 wells and analyzed.
No parasites were detectable when the enzyme test was performed on 96 mosquitoes harboring B. malayi larvae that had been allowed to develop for 7 days only and that, at that point, were not infective to man.
Attempts to Determine the Nature of the Antigen(s) Bearing the Target Epitope. The sensitivity of the antigen(s) bearing the target epitope to enzymatic hydrolysis and to various chemical and physical treatments and its solubility in detergents were determined. The effect of the various treatments was monitored by indirect immunofluorescence. As indicated in Table 2 , the epitope was no longer detectable in situ after incubation in pronase or proteinase K or in the detergents Triton X-100, CHAPS, or octyl 3-D-glucopyranoside. The remaining treatments failed to reduce significantly the fluorescent signal.
DISCUSSION
Advances in the epidemiology of mosquito-borne filariasis have been greatly hindered by our inability to discern which insects harbor human parasites. A number of mosquito genera transmit filarial parasites of both man and animal origin, and in some instances the filariae are morphologically identical. As a consequence, it has been impossible to obtain accurate entomological data on the effect of mosquito control or drug therapy. We have produced a monoclonal antibody that can easily differentiate a major filarial parasite of man, B. malayi, from its morphologically indistinguishable counterpart of animals, B. pahangi. This antibody reacts with all geographical isolates of B. malayi examined.
A practical immunoenzyme assay has been developed that enables the accurate identification of infective larvae in mosquito vectors. The assay is species-specific (91-94%), the few false positives being attributable to cross-contamination of the single applicator used to crush mosquito samples; it is also sensitive (90-97%), even though a crude method was Fluorescence + used to liberate worms from the vector, and is simple enough to be used in field-station laboratories. Other important practical advantages are that the antibody can be lyophilized for easy transport and storage without any loss of surface reactivity and that larval antigenicity is preserved by fixation with 3% formalin. Such features further substantiate the suitability of the assay for epidemiological surveys. An additional quality of the assay described is its unique ability to discriminate between mosquitoes carrying third-stage larvae and, therefore, infective to man and those carrying earlier larval stages. Consistently, no fluorescence was observed on any of the larval phases ofB. malayi prior to the infective stage, including sheathed and exsheathed microfilariae, sausage larvae, and early second-stage larvae, when these worms were incubated in antibody NEB-D1E6 (7). The exception was late second-stage larvae, which demonstrated a dim positive fluorescence signal at their anterior and posterior ends (7) . However, only third-stage larvae were detectable by the immunoenzyme assay. Recently, repeated DNA sequences of B. malayi (8, 9) and B. pahangi (8) were described that allow the identification of these parasites by DNA hybridization. These probes represent an important breakthrough in the quest for species-specific reagents and a promising approach for the diagnosis of infection in man. However, entomological assessment of filariasis control measures requires stage-specific reagents. Indiscriminate detection of all larval stages in infected mosquitoes may lead to an overestimation of the disease transmission potential, since it is likely that a large number of the filarial-carrying insect vectors die before the parasites reach the infective stage (10, 11) . Similar problems may arise in areas with insusceptible mosquito species in which parasite development does not reach completion. With the level of stagespecificity possessed by antibody NEB-D1E5, errors due to indiscriminate detection should be circumvented.
The cross-reactivity found between B. malayi and B. timori is intriguing. Worms of these two species show differences in the Giemsa-staining pattern of microfilariae (12) and in adult worm morphology (13) that warrant their separate taxonomic classification, but, unlike B. pahangi and B. malayi (3), they have not yet been subjected to the definitive test of interspecies mating and subsequent analysis of "hybrid" fertility. Such experiments would be particularly interesting because DNA probes specific for B. malayi also react with B. timori DNA (9, 14) . Fortunately, the precise phylogenetic relationa r.
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Sensitivity to the proteolytic enzymes pronase and proteinase K but not to trypsin or to mild treatment with 2-mercaptoethanol suggests that the epitope-binding antibody NEB-D1E5 is itself, or is associated with, a polypeptide with no available trypsin sites or conformationally important disulfide bridges. In agreement with this contention is our failure to influence antibody binding to the worms by treatment with endoglycosidases or by periodate oxidation, implying that the epitope may not be a carbohydrate. Indeed some sugar moities seem to be scarcely expressed on the surface of B. malayi infective larvae, as judged by the total absence of binding of a panel of seven different lectins (17) . Worms subjected to a mild treatment (15 min at 800C) with nonionic or zwitterionic detergents no longer bound the monoclonal antibody. Although this treatment may have denatured the epitope, we favor the interpretation that the latter was solubilized because the harsher procedure of boiling the parasites in PBS had no effect on antibody binding. Solubilization of the epitope with detergents indicates that the antigen is anchored in a hydrophobic environment. In this respect, it may be significant that binding of monoclonal antibody to the worms was not affected by treatment of the larvae with lipase or phospholipases ( Table  2) . Therefore, the interpretation that is most consistent with our results is that the species-specific epitope is part of a hydrophobically anchored peptide domain. However, using a variety of biochemical and immunochemical procedures (C.K.S.C. & M.P., unpublished data), we have been unable to identify this molecule(s) further. Detergent extracts of worms surface-radioiodinated by the Iodo-Gen procedure (18) did not contain material immunoprecipitable by antibody NEB-DE5. Similarly, the latter did not bind to larval antigens electroblotted onto nitrocellulose after NaDodSO4/ polyacrylamide gel electrophoresis, even after attempts to "renature" antigens by incubating the nitrocellulose strips in decreasing concentrations of urea. Material extracted from intact larvae with Triton X-100 was immunoprecipitable by antibody NEB-D1E5 after iodination with the Bolton-Hunter reagent (19) . Unfortunately, this result is not yet reproducible to our satisfaction. In addition, components of the same radiolabeled material binding to antibody NEB-D1E5-Sepharose columns were indistinguishable from those binding to Sepharose columns with the control antibody NEB-C6C6. Finally, extraction of iodine-labeled larvae with Triton X-100 after antibody binding to the larval surface did not yield immunoprecipitable immune complexes containing identifiable radiolabeled material.
The widespread crossreactivity of filarial antigens and that of surface antigens ofBrugia in particular have been analyzed extensively (20) (21) (22) , but to date no species or stage-specific component(s) has been identified. As pointed out by Maizels et al. (20) , however, the biochemical and antigenic similarity between Brugia surface molecules does not preclude the existence of epitopes unique both to stage and species. With the aid of monoclonal antibody NEB-D1E5, we have localized one such epitope as part of a polypeptide domain. Positive identification of the molecule(s) bearing this epitope will discern whether these antigens are hitherto unidentified surface components unique to B. malayi infective larvae or, in fact, are shared with other stages and/or species in a modified form not containing the NEB-DjE5 antibody-binding epitope. The molecular basis of antigenic diversity among filariae could thus begin to be understood.
